of sampling are described elsewhere. 8 In the first stage, 13 provinces were selected by probability proportional to size sampling method from different geographical regions (south or north) in China. In the second stage, we then selected one urban and one rural district in each province. The local Centre for Disease Control and Prevention for each province identified 3 typical urban and 3 typical rural districts. We then selected 1 of each for each province using computergenerated random numbers. In the third stage, 3 subdistricts (referred to as a "street" in the urban area and as a "township" in the rural area) were selected from districts by using simple randomization. In the fourth stage, 5 communities were selected randomly from each subdistrict. In the final stage, households were randomly chosen from each community, and all permanent residents who satisfied the inclusion criteria were selected as the study sample. The list of residents was obtained from the local registered residence system. Three hundred seventy-nine participants did not have complete information of hypertension, which left 50,171 participants for our analysis. The ethics committee of Peking University First Hospital approved the study. All participants gave written informed consent before data collection.
Study protocol and evaluation criteria
All on-site examinations were performed from September 2009 to September 2010. Data were collected in examination centers at local health stations or community clinics in the participants' residential area. All subjects completed a questionnaire documenting their sociodemographic status, personal and family health history, and lifestyle behaviors with the assistance of medical students, trained general practitioners, and nurses. Life behaviors included occupational physical activity (mild defined as spending more than 75% of time sitting or standing at work; moderate defined as being engaged in light physical labor and spending less than 25% of time sitting or standing at work; heavy defined as being engaged in heavy physical labor and spending less than 40% of time sitting or standing at work), exercise (hours/week), diet, drinking (habitual drinker defined as drinking everyday), current smoking (habitual smoking defined as smoking everyday), and chronic use of nonsteroidal anti-inflammatory drugs (including phenacetin-containing analgesic mixtures (Somedon and APC) and ibuprofen; chronic use was defined as at least twice per week for at least 2 months). A modified Dietary Approaches to Stop Hypertension (DASH) score was then calculated using information from the semiquantitative questionnaire of diet. 9 Waist circumference, height, and weight were measured according to the standard protocol. Body mass index (BMI) was calculated as weight in kilograms divided by height in meters squared.
Blood pressure (BP) of participants was measured by a trained physician with the mercury sphygmomanometer. The participants were required to rest in a seated position for at least 5 minutes before the measurement. An appropriately sized cuff was selected based on the circumference of the right upper arm of the participant to avoid overlapping. The systolic BP was determined at the onset of Korotkoff phaseI, and the diastolic BP was determined at the Korotkoff phase V. BP was measured 3 times at 5-minute intervals. The mean of the 3 readings was calculated. Hypertension was defined as a systolic BP ≥140 mm Hg, or diastolic BP ≥90 mm Hg, or self-reported use of antihypertensive medications in the last 2 weeks irrespective of the BP. Awareness was defined as self-report of any previous diagnosis of hypertension by a healthcare professional. Treatment of hypertension was defined as self-reported use of antihypertensive medications in the last 2 weeks among hypertensive participants, as well as among hypertensive participants who were aware of being hypertensive. Among hypertensive participants who were under treatment, control was defined as a systolic BP <140 mm Hg and a diastolic BP <90 mm Hg.
Fasting blood glucose was measured enzymatically with a glucose oxidase method. Diabetes was defined as fasting plasma glucose ≥126 mg/dl (7.0 mmol/L), or by the use of hypoglycemic agents, or by any self-reported history of diabetes.
All study investigators and staff members completed a training program that taught the methods and process of the study. A Manual of Procedures was distributed, and detailed instructions on administration of the questionnaires, BP and anthropometric measurements, and biological specimen collection and processing were provided during the training program.
Statistical analysis
Besides crude prevalence, the prevalence estimates and comparisons were weighted to represent the total adult population in China in 2009. Synthesized weights were calculated by the production of the following 3 parts: sampling weight, nonresponse weight, and population weight. They were used to adjust for differential selection probabilities, differential response proportions, and deviations in the sample compared with the standard population, particularly in terms of sex and age composition. All analyses were performed using SUDAAN software, version 10 (Research Triangle Institute, Raleigh, NC) and SAS software, version 9.1 (SAS Institute, Cary, NC).
Continuous data were presented as mean ± SD, except for income, which was presented as median (interquartile range) because of the high skewness. Categorical variables were presented as proportions. Relevant characteristics are described and stratified according to the hypertension status. The adjusted prevalence of hypertension and BP categories in participants who did not report using antihypertensive during the last 2 weeks was reported in total and in various age, sex, geographic region, district, income, and BMI subgroups. The adjusted awareness, treatment, and control of hypertension were also reported in all participants and in subgroups. The association between presence of hypertension and health behaviors were analyzed using PROC SURVEYLOGISTIC program in SAS software (SAS Institute, Cary, NC). The ageand sex-adjusted, and multivariable-adjusted odds ratios (ORs) with 95% confidence intervals (CIs) were reported. We also investigated whether the association between the presence of hypertension and BMI varied according to central obesity.
Drafting of the manuscript followed the Strengthening the Reporting of Observational Studies in Epidemiology checklist for cross-sectional study. Data entry and management were performed using Epidata software, version 3.1 (Epidata Association, Odense, Denmark). All P values are 2-tailed. A P value of <0.05 was considered to be significant.
RESULTS
The mean age of the population was 42.4 (95% CI = 42.2-42.7) years, with nearly half of the population men (50.2%) and more than three-quarters of the population from rural areas (77.4%). The demographic characteristics, behavioral risk factors, and clinical examination features of the population are listed in Table 1 .
The adjusted prevalence of hypertension was 29.6% (95% CI = 28.9%-30.4%). The prevalence was higher among men compared with women and was higher among those from the north region compared with those from the south region ( Table 2 ). The prevalence of hypertension was similar between those in urban and rural areas, although the prevalence was higher in rural areas among those aged 18-44 years and those aged 45-59 years. The prevalence of hypertension was lowest among urban residents with high income.
The prevalence of hypertension stratified by BMI and central obesity among men and women are shown in Figure 1a ,b. The prevalence of hypertension increased among those who were overweight and obese in both men and women and was even higher for those with central obesity compared with those without central obesity in the same BMI category.
The awareness, treatment, and control rates among all hypertensive participants and the control rate among treated hypertensive participants were 42.6%, 34.1%, 9.3%, and 27.4%, respectively (Table 3 ). Those parameters were higher among women compared with men and were higher in urban areas compared with rural areas. In rural areas, those parameters did not increase with higher tertile of income, which was different from in the urban areas. Participants with higher education tended to have higher control rates, whereas participants with mild occupational physical activities had higher values for all awareness, treatment, and control parameters.
The multivariable logistic regression model indicated that multiple lifestyle factors were positively associated with presence of hypertension (Table 4) , including less occupational physical activity, less regular exercise, habitual drinking, and chronic use of nonsteroidal anti-inflammatory drugs. Each BMI category was stratified according to the existence of central obesity, and the group with both the normal BMI and waist circumference was used as reference. Among those with normal BMI but with central obesity, the OR for presence of hypertension was 1.58 (95% CI = 1.34-1.87). Among participants with overweight BMI, the adjusted OR for presence of hypertension was 1.74 (95% CI = 1.48-2.04) among those without central obesity and 2.88 (95% CI = 2.53-3.27) among those with central obesity. Among participants with obese BMI, the adjusted OR for presence of hypertension was 3.13 (95% CI = 1.87-5.23) among those without central obesity and 5.80 (95% CI = 4.92-6.83) among those with central obesity.
DISCUSSION
In this representative sample of Chinese adults, the prevalence of hypertension was 29.6%, which corresponded to 325 million patients. Although the awareness, treatment, and control of hypertension were all higher compared with a report in 2002, 3 these rates were still suboptimal, especially for men and people living in rural areas. Modifying lifestyle risk factors might be effective in controlling the burden of hypertension.
In a national survey using a 3-stage cluster sampling method in 1991, the prevalence of hypertension in China was reported to be 11.4% among men and 10.9% among women aged 15 years or older. 10 Ten years later, Wu et al. reported the prevalence of hypertension to be 20% among men and 17% among women using data from 2002 China National Nutrition and Health Survey (NNHS), which also used a similar design to get a representative sample of residents aged 15 years or older in China. 3 In another investigation conducted in 2000-2001, Gu et al. reported a prevalence of 27.2% in a representative Chinese population aged 35-74 years. 11 Using a database of 9 provinces from NNHS, Bo et al. demonstrated that the prevalence of hypertension among men and women had increased from 16.0% and 13.1%, respectively, in 1991, to 24.5% and 18.7%, respectively, in 2009. 12 Performing the on-site examinations during 2009-2010, our study provided an updated status of hypertension prevalence in China, with a prevalence of 31.0% among men and 27.7% among women. Although nuances in sampling design may lead to the variation when estimating prevalence level, the above studies taken together showed that the prevalence of hypertension in China has been increasing during the past 2 decades. This trend was especially obvious among younger groups. The prevalence of hypertension in the 2002 national survey was 12% for men and 6% for women in the group aged 18-44 years and was 28% for men and 29% for women in the group aged 45-59 years. 3 These levels were much lower than the results of our survey. The high epidemic status of hypertension among young and middle-aged populations was also observed in some regional surveys of China in recent years. [13] [14] [15] The prevalence of hypertension reported in our study was comparable with that reported in American National Health and Nutrition Examination Survey 2003-2004 (29.6% vs. 29.3%); however, the awareness (42.6% vs. 66.5%), treatment (34.2% vs. 53.7%), and control rates (9.3% vs. 33.1%) were much lower in the Chinese population than in the American population. 16 Moreover, although the prevalence of hypertension has already exceeded that in some middle and highincome Asian countries, such as Korea, Thailand, and Iran, the awareness, treatment, and control rates in China were not as good as those in the aforementioned countries. [17] [18] [19] Within China, our study showed that people who lived in the south and in urban areas had better awareness, treatment, and control rates of hypertension. The disparities between north and south and between rural and urban areas reflect that higher socioeconomic status may have positive impact on the knowledge of hypertension prevention and control, as The data are presented as weighted prevalence (95% confidence intervals). well as accessibility and adherence to medical treatment. 20 In rural areas, we surprisingly observed that people with higher income had comparatively lower levels of awareness, treatment, and control rates. The phenomenon may be because of the imbalance between health sense and behavior formation and people's economic status. Despite the suboptimal situation, it was encouraging that there was a great increase in the rate of awareness (42.6% vs. 24.0%) and treatment (34.1% vs. 20.0%) in our study compared with the 2002 NNHS; additionally the ratio of controlled to treated individuals had changed from 1:4 in 2002 to 1:3 in our examination. 3 Our study indicated that various lifestyle factors, including heavy drinking, chronic use of nonsteroidal anti-inflammatory drugs, and physical inactivity, were associated with presence of hypertension. Previous studies have suggested that those hazardous behaviors were prevalent in China, and some of them, such as excess alcohol intake and physical inactivity, had been demonstrated to be risk factors for hypertension. [21] [22] [23] In our analysis, central obesity had a combined effect with BMI, and even participants with normal BMI but with central obesity was positively associated with presence of hypertension. It is reported that Asian populations are more prone to central obesity and low muscle mass with increased insulin resistance compared with their Western counterparts; 24 therefore waist circumference reflecting central obesity is a useful measure of obesity-related risk factors of hypertension.
Our study had some limitations. First, our study sample of rural residents may be relatively older and unhealthy compared with the total population in rural areas because of the absence of a certain proportion of young adults who were working temporarily in urban cities. Second, BP was measured in a single visit, so its value, as well as the prevalence The data are presented as weighted prevalence (95% confidence intervals).
of hypertension based partly on the measured BP, may have been overestimated. Third, all members in a family who satisfied the inclusion criteria were selected as our study subjects; as a result, the correlation of risk factors within families may have affected the association estimation between risk factors and hypertension. Our national survey revealed that the prevalence of hypertension was high in China, but the awareness, treatment, and control rates did not match the fast economic development. Strategies focused on controlling the modifiable risk factors and improving the awareness, detection, and treatment of hypertension should be considered, especially with attention to young adults, rural residents, and population with low socioeconomic status. However, more evidence will be needed to determine the effective way for hypertension prevention and control.
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a Variables in the fully adjusted models included age, sex, and all other variables in Table 4 . b Central obesity: waist circumference ≥85 cm in men or ≥80 cm in women.
